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ABSTRACT 
A study on dust storms observed over the territory of Mongolia from January to May 
in 2004 was carried out.  Asian regional and local weather maps at surface and 500-hPa 
level, and NOAA satellite images were used for the study.  The study focused on 
formation, intensity and movement of dust events originated in Mongolian Gobi Desert 
area.  Atmospheric circulation factors causing formation of dust events are reviewed.   
During the spring, there were 10 cases of strong dust events and 6 moderate or weak 
dust events in Mongolia. About 6 of them arrived at and Japan via NE China and the 
Korean Peninsular.  Favourable and unfavourable conditions including winter and spring 
snowfall for the formation of intense dust storms were studied.  Snowfall amount was 1-
12 mm over the Gobi Desert area from January to February, and there was no snowfall 
over the some areas of the Gobi Desert in those months. Monthly precipitation amount in 
January and February fluctuated around the climate normal between 1961 and 1990, and 
less than that.  March and April of 2004 were the driest months in Mongolia including the 
Gobi Desert areas.  Monthly precipitation amounts were about 0-5 mm over the most 
areas of Mongolia in those months.  Monthly precipitation amounts were less than the 
climate normal over the Gobi Desert area in Mongolia in the period from March to May.    
Soil wet was small in winter and spring, and it was favourable for the formation of dust 
storms in those periods.   NOAA satellite images discover dust clouds over NE Asia in 
spring.   
 
 
1. Introduction 
The Gobi Deserts of Mongolia is a source area for the formation of dust storm in East 
Asia (Natsagdorj et al., 2003). Occurrences of dust storms are different every year 
especially in spring season. Some spring is relatively fine for dust events depending on 
atmospheric circulation pattern, amount of precipitation, soil condition etc.   The spring 
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 of 2003 was comparatively wetter than other years and formation of dust storms was with 
less frequent both in Mongolia and Inner Mongolia of China (Chung et al., 2004).  
The study aim was to investigate dust storms in spring 2004 in relation with 
precipitation amount, soil condition and atmospheric front. In addition, transportation of 
dusty air and indication of dust aerosols on the satellite images were compared with 
ground visual observations on dust storms. 
 
2. Data used  
Dust storm observations, snow cover, monthly amount of precipitation and its anomaly 
over the territory of Mongolia from January to May 2004 were used in the study.  In 
addition, some examples of NOAA satellite images were included in the study.   
 
3. Basic conditions for the formation of dust storms in Mongolia from January to 
May 2004 
Snowfall and precipitation in January to May in 2004 
Monthly amount of precipitation and its anomaly are shown in the Fig.1 and Fig.2.  
Monthly precipitation anomaly was less than normal over the 40-50% of the territory of 
Mongolia from January to March and 80-90 % from April to May.  Monthly amount of 
precipitation was 0.1-12 mm in January to February and 0.1-37 mm from March to May.  
According to the precipitation data, the territory of Mongolia had received the small 
amount of precipitation in winter and spring 2004.   
Small amount of snowfall and precipitation over the Gobi Desert areas was positive 
effect for the formation of dust storms.   
 
Snow cover in  January to March 
Snow cover maps from January to March are shown in Fig.3.  Snow depth was 0-5 cm 
over the Gobi Desert areas in January and February 2004.  The Gobi Desert areas were 
no snow cover from March to May 2004.  This situation is contribution for the soil 
dryness and formation of dust storms.   
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 Soil wet   Soil wet in the Gobi Desert area is not measured in Mongolia. However, 
precipitation and snow cover data show that soil wet was not enough and soil was dry 
in the Gobi Desert area in Mongolia in spring 2004.  In addition, the Gobi Desert area 
is with scarce vegetation.  
 
 
 
 
 
 
 
 
 
Fig.1. Monthly amount of 
precipitation in Mongolia from 
January to May 2004.  
From the top, January (left), 
February (right), March (left), April 
(right), May (left)  
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Fig.2. Precipitation anomaly in 
Mongolia from January to May 
2004.  
From the top, January (left), 
February (right), March (left), 
April (right), May (left) 
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4. Dust storm observations in Mongolia from January to May 2004  
Dust storm observations 
However, soil condition in the Gobi Desert areas was drier due to the small amount of 
precipitation and snowfall, frequency of dust storms observed in Mongolia in spring 2004 
was not many.  Dust storm observations are shown in Table 1.  Severe dust storms, which 
covered large areas, were included in Table 1.  Strong winds that were 16-28 m/c could 
produce severe dust storms in the Gobi Desert areas with dry and loose dusty/sandy soil.  
 
 
 
 
 
 
 
Fig.3. Snow cover in Mongolia 
from January to March 2004.  
From the top, January (left), 
February (right), March (left)  
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 Table 1. Dusty days in Mongolia in spring 2004 
 
2004/ 
Month Day Synoptic situation 
Number of 
stations with 
dust storms
Gusty 
wind 
m/s 
Commentary 
February 23-24 Cold front over Mongolia 
on 23  
19 12-28 Arrived at Japan 
on 26 Feb. 
February 27 Cold front over Mongolia 
on 27 
14 14-22  
March 8-9 Cold front over Mongolia 
on 8-9 
38 12-28 Arrived at Japan 
on 11 March. 
March 27-28 Cold front over Mongolia 
on 27-28 
14 10-28  
April 13-14 Cold front over Mongolia 
on 14 
36 12-24 Arrived at Japan 
on 17 April. 
April 16-17 Zonal Cold front over 
Mongolia on 17 
25 12-34  
April 20 Cold front over Mongolia 
on 20 
22 12-19 Arrived at Japan 
on 22 April 
April 27-28 Cold front over Mongolia 
on 27-28 
23 10-24  
May 1-2 Cyclone and cold front  39 9-24  
May 4 Cold front over the east 
of Mongolia on 4 
16 12-20 Arrived at Japan 
on 7 May. 
May 6-8 Cyclone sector on 6 and 
cold front on 7-8 
21 10-20 Arrived at Japan 
on 11 May. 
May 11 Cyclone and cold front 
on 11 
12 12-20  
May 18 Cold front over Mongolia 
on 18 
16 12-34  
 
 
NOAA images  
Detection of dust storms using satellite images is one of useful methodologies for 
observations because ground network is sparse in Mongolia.  Also it is important for the 
monitoring transportation and movement of dust storms over a region included bordering 
and nearby countries. Dust aerosols appeared on the NOAA Satellite images are shown in 
the Fig. 4.   
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Fig.4. Dust aerosols appeared on the NOAA satellite images on 9, 12, 27, 29 March 
2004. 
 
 
 
5. Atmospheric situations causing formation of dust storms  
In association with atmospheric cold fronts and upper air troughs arriving at the 
territory of Mongolia all dust storm events occurred in Mongolia in spring 2004 (Table 1).  
Air pressure differences in the cold frontal zone generate gusty winds and dust storms 
over the Gobi Desert area in Mongolia.  
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 6. Conclusions 
Passages of cold fronts, small amount of snowfall or precipitation and soil dryness 
were basic cause for formation of dust storms in dusty and sandy areas in the world. 
Snowfall, precipitation amount, soil condition and atmospheric situations are dissimilar 
every year and they differently influence on the formation of dust storms in Mongolia.  
For the winter and spring 2004, precipitation was small and soil condition was dry in the 
Gobi Desert areas in Mongolia.  These situations were favorable for the formation of dust 
storms in the Gobi Desert areas.   
In addition, it is necessary to measure dust concentrations and vertical distributions of 
aerosols in the source areas.  For this purpose, NE Asian countries need to establish a 
joint-project and researchers need to implement a joint-study.   
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